Based on the detection of C iv absorption in five Large Magellanic Cloud (LMC) stars observed with the Goddard High-Resolution Spectrograph on the Hubble Space Telescope, we present the first unambiguous evidence that C exists in the LMC away from regions where it could have been locally produced. We can exclude that versus (9-16) # 10 13 cm for the average column density. The Ha versus C iv velocity differences and the
this C is associated with hot early-type stars or active regions. Significant differences between the Ha and versus (9-16) # 10 13 cm for the average column density. The Ha versus C iv velocity differences and the
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similarity of the properties of the LMC and Milky Way C iv absorption suggest that at least some of the C in ϩ3 the LMC is in a hot corona and that it has been produced by processes similar to those in the Milky Way. Our results show the feasibility of detecting high-ionization absorption in faint LMC stars, but more observations will be necessary before we can understand the distribution and properties of 10 5 K gas in the LMC. Subject headings: galaxies: halos -galaxies: ISM -ISM: structure -Magellanic Clouds -ultraviolet: ISM 1. INTRODUCTION Understanding the energetics and physical conditions of gas in galactic halos is important in its own right, as well as a prerequisite to understanding many other astrophysical problems, such as the pumping of energy into the interstellar medium (ISM) by supernovae and the influence of the large-scale circulation of gas on star formation. Progress requires observations of all phases of the halo gas. The cool (10 2 K), warm (10 4 K), and hot (10 6 K) phases have been studied extensively, both in the Milky Way and in other galaxies (e.g., Wakker & van Woerden 1997; Rand 1996; Snowden et al. 1995 Snowden et al. , 1997 Bregman & Houck 1997; and references therein) . Gas at ∼10 5 K is primarily detected via UV absorption lines of highly ionized atoms such as O , N , C , and Si . In the Milky Way,
these indicate the presence of K gas with a 5 T ϭ (1-2) # 10 scale height of several kiloparsecs (Savage, Sembach, & Lu 1997) . The line ratios can best be fitted by a galactic fountainlike model, with some contribution by photoionization for Si iv and C iv. Diffuse C iv and O vi emission has also been detected from the Milky Way (Martin & Bowyer 1990; Dixon, Davidson, & Ferguson 1996; Hurwitz & Bowyer 1996) .
Obtaining a global view of the Milky Way is difficult, if not impossible. In distant galaxies, a global view comes at the cost of less spatial resolution, and the 10 5 K phase cannot be mea- , 10 4 , and 10 6 K gas in the LMC has been mapped extensively (Staveley-Smith et al. 1997; Kennicutt et al. 1995; Snowden & Petre 1994) . The presence of coronal 10 5 K gas in the LMC was first suggested from high-ionization absorption in IUE spectra of Sk Ϫ67Њ104, a star in the superbubble N51D (de Boer & Savage 1980; de Boer & Nash 1982) . However, after a reanalysis of all IUE spectra, Chu et al. (1994) concluded that the evidence for a corona was insufficient: the stars observed with IUE were either hot enough to photoionize C and Si or inside a superbubble or supergiant shell (Meaburn 1980) , where shock-heated gas appears to exist. The high-ionization lines in the spectrum of Sk Ϫ67Њ104 are better explained as being the result of heating by off-center supernova remnants in N51D, which also produces the X-rays observed from the superbubble (Chu & Mac Low 1990 ).
To convincingly demonstrate the presence of a hot corona in the LMC using absorption by highly ionized gas, we need to observe stars with a low a priori probability of C near the ϩ3 star. This eliminates stars earlier than O7, since these can photoionize C and Si, as well as stars later than about B2, since these have many confusing stellar absorption lines. For stars with spectral types O8-B1, one has to verify that there is no nearby hot star and that the star is not located inside a superbubble or supergiant shell. Of all stars previously observed with IUE, Sk Ϫ67Њ05 was the only star to meet these criteria. It was also the only sight line where C iv and Si iv absorption associated with the LMC was not detected.
In this Letter, we present new Hubble Space Telescope (HST) spectra for five stars that satisfy the criteria above, as well as an improved IUE spectrum of Sk Ϫ67Њ05. In § 2, we present (Kennicutt et al. 1995) , with the positions of our six probes marked by the large filled stars. To show that our probes are away from a local source of C iv, we show the outlines and names of the supergiant shells defined by Meaburn (1980) , as well as the positions of the hot field stars (67 W-R and 40 O3-O6; the black or white star symbols). Many other such stars are known within superbubbles or are suffering stronger extinction. Right panels: distribution of Ha emission in a area around each probe star, from PDS scans of Ha plates taken with the CTIO Curtis Schmidt telescope 15 # 15 kindly provided to us by R. C. Kennicutt. Sk Ϫ67Њ05 and Sk Ϫ69Њ59 are offset from the center because they are near plate edges. The gray scales of the different images are not identical, but they are similar. Note.-Units of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds. a Spectral types from Rousseau et al. 1978 , except for Sk Ϫ69Њ110, which is from Fitzpatrick 1988. b The exposure labels starting with "SWP" are from the IUE satellite, and those starting with "Z" are from the GHRS. c Flux and signal-to-noise ratio in the continuum just shortward of the terminal velocity of the stellar C iv l1548 P Cygni profile. The flux is in units of ergs cm s Å .
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the observations and describe the analysis. In § 3, we discuss the results and their implications.
OBSERVATIONS AND DATA ANALYSIS
Figure 1 (left panel) presents an Ha image of the LMC (from Kennicutt et al. 1995) , with the positions of our six probe stars indicated. The right panels of Figure 1 show close-ups of the Ha emission in a 15Ј region around the stars, at 15Љ resolution. Near Sk Ϫ69Њ110 and Sk Ϫ70Њ96, diffuse X-ray emission is ubiquitous (Snowden & Petre 1994) , while the other four stars are in a comparatively quiescent part of the LMC. Table 1 summarizes the stellar and observational parameters.
The Goddard High-Resolution Spectrograph (GHRS) observations were obtained with the G160M grating and the large science aperture (2Љ). All spectra had a net integration time of 28.8 minutes.
Step-pattern 4 was used, to provide two samples per diode and background sampling to each side of the spectrum with the full 500 channel Digicon detector array. Standard FP-SPLIT and COMB-ADDITION procedures reduced the fixed pattern noise resulting from irregularities in the detector window and in the photocathode response. The spectra cover the wavelength region 1519-1565 Å at a resolution (FWHM) of 15 km s . The observed noise is not simple to determine Ϫ1 because of stellar features, but it is similar to the theoretical 1 j value of ∼ ergs cm s Å derived using the
3.5 # 10 GHRS handbook.
We obtained two new IUE SWP spectra of Sk Ϫ67Њ05. The spectra were extracted and calibrated with the NEWSIPS software. The quality of the new spectra (785 minutes integration total time) is much higher than that of the earlier spectrum (300 minutes integration time) used by Chu et al. (1994) . We have thus excluded the earlier spectrum from our analysis.
To get kinematic information for the diffuse warm ionized gas, we obtained high-dispersion (14 km s FWHM) long-slit
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Ha echelle data using the 4 m telescope at the Cerro Tololo Inter-American Observatory (CTIO). The observing configuration is described by Weis et al. (1997) . The stars were placed at the center of the slit. The Ha line image along the entire In all stars, interstellar Milky Way and LMC Si ii absorption is present, but the lines are strongly saturated, so no reliable velocities or column densities can be derived. For the interstellar C iv lines, we measured column density-weighted velocities and profile widths, equivalent widths, and column densities [the latter by integrating ]. The main problem in these t(v) measurements is with the placement of the continuum. Fitting the continuum with a polynomial of order greater than 1 is unwarranted, because of the unknown shape of the underlying stellar P Cygni profile; we therefore used two alternative linear approximations to constrain the column densities. If it is assumed that the flux between the Milky Way and the LMC absorption represents the background stellar profile, a lower limit is obtained. An upper limit is found by connecting the extreme edges of the P Cygni absorption profile. In this case, the implicit assumption is made that there is some interstellar C iv absorption at intermediate velocities, as suggested by the fact that there appears to be Si ii absorption at those velocities. The low choice for the continuum seems the more likely. Figure 2 shows the C iv, and Ha spectra, with the chosen continua indicated by the straight line segments. Table 2 gives the results of the measurements for each discerned component. 1 # 10 the column densities. However, the real errors are dominated by the placement of the continuum.
In the IUE spectrum of Sk Ϫ67Њ05, C iv absorption associated with the LMC is absent, confirming the conclusion of Chu et al. (1994) . Assuming a b-value of 27 km s , the signal-Ϫ1 to-noise ratio (S/N) of 16 in the l1550 line allows us to set a 3 j upper limit of N(C iv) ! 2 # 10 13 cm , which is a factor Ϫ2 of greater than 3 below any of the detections discussed below. LMC absorption is also absent in the Si iv lines.
The spectral type of Sk Ϫ69Њ110 was given as B3 Ia by Fitzpatrick (1988) . Thus, the stellar P Cygni profile is narrow (∼300 km s ), and the interstellar lines are difficult to distin-Ϫ1 guish. A limit of N(C iv) 1 cm can be set from the 13 Ϫ2
5 # 10 l1548 LMC line. Sk Ϫ70Њ96 was fainter than estimated from its visual magnitude, and it has a very strong stellar P Cygni profile, completely obscuring the l1548 line. The l1550 line is visible, but it is difficult to measure because of the low S/N. We estimate that N(C iv) ϭ for the Milky Way 13 9 # 10 and cm for the LMC component. Because of the 13 Ϫ2
7 # 10 difficulty in determining the C iv column density in Sk Ϫ69Њ110 and Sk Ϫ70Њ96, we will not use these stars further in the analysis.
From the Ha emission spectra, we measured the velocities of the LMC component. The resulting velocities are 289 km s for Sk Ϫ67Њ46, 316 km s for Sk Ϫ67Њ76, and 281
Ϫ1 Ϫ1
km s for Sk Ϫ69Њ59. The velocity offsets between C iv and
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Ha are large and negative: Ϫ23 km s for Sk Ϫ67Њ46, Ϫ59 Ϫ1 km s for Sk Ϫ67Њ76, and Ϫ26 km s for Sk Ϫ69Њ59. We
Ϫ1 Ϫ1
also checked the velocities of the H i emission in the direction of our probes (from Rohlfs et al. 1984 ) and find that the velocity difference between H i and Ha is generally less than 15 km s . The velocity difference cannot be due to expansion
Ϫ1
away from the star of a gas cloud containing both Ha and C iv, as in the reliable spectra of Sk Ϫ67Њ46 and Sk Ϫ67Њ76, the C iv absorption is wider than the Ha emission, and in Sk Ϫ67Њ05, the C iv is not even seen.
DISCUSSION
The clear detection of C iv absorption toward Sk Ϫ67Њ46, Sk Ϫ67Њ76, Sk Ϫ69Њ59, and Sk Ϫ70Њ96 shows unambiguously for the first time that C exists in the LMC away from regions ϩ3 where it could have been produced locally. All four stars are too cool to photoionize C on their own; the nearest luminous ϩ3 early-O star is at least 400 pc away, and none of the stars is inside a superbubble or supergiant shell where supernovae shocks could have produced hot gas.
In principle, the C iv could have been produced by photoionization. Photons with eV might escape from H ii E 1 40 regions around high-z O stars; however, the optical depth of the ISM at Å is very high. Widely distributed evolved l ! 300 stars (white dwarfs, horizontal-branch stars, planetary nebulae) might cumulatively produce sufficient ionizing photons. However, such a population of stars is inconsistent with the star formation history of the LMC (Olszewski, Suntzeff, & Mateo 1996) . Finally, extragalactic UV photons might be responsible, but the large observed line widths (see point 5 below) then remain unexplained; gas at K would have a width of 4 T ϭ 10 ∼6 km s Ϫ1 , while a width of at most ∼30 km s can be expected
Ϫ1
from velocity gradients and turbulent motions in the line of sight (see the H i profiles and velocity field in Luks & Rohlfs 1992) . Furthermore, no low-ionization lines like Si ii would be present (see Sembach, Savage, & Tripp 1997) . So, from our observations of the C iv lines of six LMC stars, we reach the following conclusions:
1. The C iv absorptions show that in the LMC, 10 5 K gas is present away from regions where it can be easily produced by photoionization or shocks; this suggests that hot gas can be transported over large distances before recombination sets in.
2. The distribution of the hot gas must be nonuniform: no C iv is found toward Sk Ϫ67Њ05, while column density differences of 50% exist between the detections. Data for more sight lines are necessary before the structure can be properly understood.
3. The significant velocity difference between Ha and C iv most likely implies that these lines are formed at different positions. Thus, the warm ionized gas and the hot gas are not cospatial. Since the warm ionized gas is formed in or near the LMC disk, the C iv lines probably originate in a corona. The sign of the velocity difference then implies either that the coronal gas is expanding away from the disk or that the disk and the higher z material have different rotational velocities.
4. The properties of the LMC C iv absorption lines are similar but not identical to those through the entire Milky Way halo. From our six stars, the Milky Way column densities average to cm , while for the LMC the average 16 # 10 LMC is about of that in the Milky Way (Garnett et al. 1995) . Since the C iv column densities are similar, relatively more of the carbon in the LMC is in the form of C . Such a situation ϩ3 can be explained in cooling flow models (such as the galactic fountain), in which N(C iv) is mostly determined by the mass flow, rather than by the abundance of C (Edgar & Chevalier 1986) .
5. For our six probes, the range of FWHMs of the Milky Way lines is 42-87 km s . Savage et al. (1997) find 56-93 Ϫ1 km s . This is slightly higher than the range of 34-76 km Ϫ1 s found for the LMC lines. Some of this difference may be Ϫ1 due to the smearing associated with Galactic rotation. Since these averages are based on a small number of sight lines, a more extensive study is necessary to confirm the similarities and differences.
6. Under conditions of collisional ionization equilibrium, the line widths imply temperatures of K (using 7. Based on the similarities between Milky Way and LMC absorption, we suggest that the same processes that produce C iv in the Milky Way are also responsible for the C iv in the LMC and that a substantial percentage of the LMC C iv absorption is due to coronal gas. A discussion of these processes is outside the scope of this Letter but can be found in Savage et al. (1997) .
8. Our data show that, unlike what was the case for IUE, with HST it is possible to observe the UV spectra of field stars in the LMC with sufficient S/N that C iv absorption can be reliably detected.
9. We need further observations of C iv, Si iv, N v, and O vi in more LMC probes in order to map the distribution of high-ionization species across the LMC and obtain a global picture. Measurements of line ratios will give more information on the processes responsible for producing the hot gas. 
